Nine strains of Pseudomonas maltophilia which do not require methionine are described. Methionine-requiring and -nonrequiring strains of P. maltophilia belong to different biovars, which are designated I and 11, respectively; they differ from each other with respect to phenotypic characteristics, cellular fatty acid composition, deoxyribonucleic acid base composition, and deoxyribonucleic aciddeoxyribonucleic acid hybridization. The relationship of P. maltophilia to Xanthomonas species is also discussed.
Identification methods. The characteristics of the strains were determined by previously described methods (21). Poly-/?-hydroxybutyrate accumulation was observed by the method of Williamson and Wilkinson (37) . Nucleoside phosphotransferase was determined by the thin-layer chromatography procedure (4, 18) instead of the electrophoresis method (20, 24). The assimilation of carbon compounds was determined in the basal medium of Stanier et al. position were determined as described previously { 13, 14) . On the basis of these similarity values, a dendrogram was drawn by a computer according to the arithmetic average linkage-clustering method (34) .
Ubiquinone system. Ubiquinones were determined by the method of Yamada et al. (38) .
DNA base composition. Purified DNA was extracted from cells grown in nutrient broth a t 30°C for 24 h with shaking by the method of Saito and Miura (31) with minor modifications. DNA base composition was calculated from melting temperature (23) , as determined in 0 . 1~ SSC ( 1~ SSC is 0.15 M NaCl plus 15 mM trisodium citrate, pH 7.0) with a Gilford model 250 spectrophotometer. DNAs from Micrococcus luteus IAM 1056 (=ATCC 4698) and Escherichia coli IAM 1268 (=strain B = ATCC 11303), which contain 72.0 and 50.9 mollo guanine plus cytosine, respectively, were used as references.
DNA-DNA hybridization. DN A-DNA hybridization experiments were carried out at 62°C by a previously reported method (16) . Labeled DNA was extracted from cells grown in the presence of [6-3H]-thymidine (10 pCi/ml). The heat stabilities of the hybrids were determined by heating the filters after counting at 75°C in 2X SSC containing 0.1% sodium dodecyl sulfate for 1 h, followed by washing and counting.
RESULTS
Phenotypic characteristics. The strains studied were gram-negative rods which were INT. J. SYST. BACTERIOL.
motile by means of a tuft of polar flagella. They grew aerobically on nutrient agar, and the growth was yellow. The accumulation of polyp-hydroxybutyrate was not observed in the cells grown on nutrient agar. Gelatin was liquefied.
Catalase was produced. All strains except F. rigense KS 0129 produced deoxyribonuclease and lysine decarboxylase. The only strain to produce oxidase was F. rigense KS 0129, which was weakly positive. The isomer produced by nucleoside phosphotransferases was 5'-nueleotide. Acid was produced aerobically from various carbohydrates, but the strains were not identical in this regard ( Table 2) . Table 3 shows the growth patterns of 14 strains on 31 carbon compounds. Growth was observed with some carbon sources only after a rather long incubation time (up to 3 weeks). Methionine-requiring strains grew with malonate and sucrose but not with DL-P-hydroxybutyrate; conversely, strains that did not require methionine grew with DL-P-hydroxybutyrate but not with malonate or sucrose. On the basis of the above-mentioned characteristics and the growth patterns with carbon compounds with and without added methonine, the following were regarded as P. maltophilia strains that did not require methionine: F. 
a Incorporated into the medium of Hugh and Leifson (8) .
Symbols: +, acid produced; +", weak production of acid; -, acid not produced.
It is noteworthy that the requirement for methionine depended upon the carbon compounds employed. Lowe and Ingledew (22) also observed this phenomenon in a strain of P. maltophilia. As Table 4 shows, F. rhenanus KS 0131 grew without methionine at the expense of fumarate, L-histidine, and citrate but failed to grow without methionine at the expense of L-proline. In addition to these compounds, strains KS 0194, KS 0196, and KS 0197 grew on cellobiose without methionine. The lack of a methionine requirement was confirmed with a Bio-Log apparatus ( Fig. 1) . The quantity of methionine in the culture medium affected the growth of P. maltophilia strains. As Fig. 2 shows, the growth curves of P. maltophilia KS OOO1 varied with the concentration of methionine. The concentration of methionine for optimal growth also varied from strain to strain. In general, the concentration of m-methionine required for the growth of methionine-requiring P. maltophilia strains seems to be 50 mg/liter or more.
Cellular fatty acid composition. The fatty acids of P. maltophilia KS OOO1 and KS 0002 were composed mainly of a branched-chain i-C15:o acid, a saturated straight-chain CK:O acid, an unsaturated straight-chain C161 acid, and an unknown acid (anteiso-Crs ?) (Fig. 3) . The cellular fatty acid composition of P. maltophilia was different from that of Pseudomonas aeruginosa, as previously reported (14, (25) (26) (27) . F. rhenanus KS 0131, which did not require methionine, has a composition similar to that of P. maltophilia KS OOO1. Methionine-requiring strains and strains that did not require methionine shared almost the same kinds of fatty acids, but some quantitative differences were found between the two types (Table 5) . Furthermore, it is of interest that the cellular fatty acid compositions of X . campestris KS 0198 and X. citri KS 0199 were similar to that of P. maltophilia.
However, the composition of X. oryzae KS 0200 was different from those of P. maltophilia strains (Fig. 4) . Similarity values based on cellular fatty acid compositions showed that methionine-requiring strains and strains that did not require methionine matched at the 82% level (Fig. 5) .
Ubiquinone system. A total of 18 strains, including X. campestris KS 0198, X . citri KS 0199, and X. oryzae KS 0200, showed the presence of ubiquinone Qe, but P. aeruginosa KS 0025 contained Q9.
DNA base composition. The DNA base composition of 10 P. maltophilia strains was in the range of 63 to 67 mol% guanine plus cystosine (Table 6 ). Some differences were found between the three methionine-requiring strains and the seven strains that did not require methionine, but the values did not distinguish between the two groups at the species level.
DNA-DNA hybridization. The 10 P. maltophilia strains studied seemed to cluster into five groups on the basis of DNA-DNA homology indexes (Table 6 ). According to the index at 75"C, KS 0001, the type strain of P. maltophilia, showed a relatedness of approximately 49 to 56% to P. maltophilia ' Strains that did not require methionhe. methionine-requiring strains. Furthermore, another strain that did not require methionine, F. rigense KS 0129, showed a relatedness of approximately 50% to the other six strains that did not require methionine. However, the four ref- T, Acid present at less than 1%.
'
Strains that did not require methionine. quiring strains and strains that do not require methionine matched at a fairly high level of similarity of cellular fatty acid composition, the groups could not be separated at the species level solely on the basis of cellular fatty acid composition.
At present, DNA-DNA homology is widely accepted as an expression of genetic relatedness, but it is evaluated in different senses in bacterial taxonomy. Johnson (15) The data presented here suggest that the methionine-requiring group of P, maltophilia and the group of P. maltophilia that does not require methionine are distinct from each other and that the strains in each group are not necessarily homologous. If the concept of Johnson is applied, the 14 strains of P. maltophilia studied might fall into at least two different species. However, we believe that the data are not enough for separation into two species, and further studies may be required. Thus, we agree for the time being with the opinion of Gardner and Kado. Although the 14 strains studied are separable into two clusters on the basis of methionine requirement and some other properties, we conclude that the methionine-requiring strains and the strains that do not require methionine should be treated as members of biovars of P.
biovar 11, respectively.
The close relationship of P. maltophilia to xanthomonads has been suggested on the basis of DNA-DNA homology (28), ribosomal ribonucleic acid-DNA homology (29), and fatty acid content of lipopolysaccharides (30) and has been confirmed here by fatty acid composition and DNA-DNA hybridization. Furthermore, these bacteria share the same ubiquinone system, Qs, whereas P. aeruginosa possesses Q9. Yamada et al. (38-41) pointed out that ubiquinone and menaquinone systems are useful taxonomic characters at the generic level. Therefore, P. maltophilia seems to be related to xanthomonads of the characteristics mentioned above. Whereas chromogenic pseudomonads (10, 11, 14) seemingly resemble xanthomonads, they can be clearly differentiated by their cellular fatty acid compositions, as has been revealed in this and species (unpublished data).
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